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ABSTRACT: 



PROBLEM TO BE SOLVED: To enable simple 



curin 



of filament 



wound pro ducts by only irradiation with beams safe to human 
body after the fiber material with a 

BBHiBGW^^^TM iiiitiator-cont aining un saturated polyester 
resin and/or a vinyl ester resin and MffffflW the resin! 



impregnated 



fiber material. 



SOLUTION: (A) A |? 



photosensitivity in the visible and 



hotopolvmerization 



near-infrared 



initiato r (having the 
wavelength 



areas)-containing (B) un saturated po lyester resin and/or vinyl 
ester resin is allowed to EHBtBS into (C) a fiber material 
(preferablyglass fiber, carbon fi ber or aramide fiber) and the 
[H3B?GHB5 fiber is wound and 5| 5S b Y irradiation with the 
light in the visible or 



near-Infrared 



areas. The component A is, for 
example, tetra-n-butylammonium triphenyl-n-butyl borate or 
acylphosphine oxide. According to this process, the installation 
for hea ting and auxiliary facility becomes unnecessary, the 
BnTffW time is shortened and the wou nd pr oducts can be stored 
because the wound product does not | 3 as long as it is not 
irradiated with light. 
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BASIC-ABSTRACT: 

A filament SGHH1 moulding method comprises QffFffTOffP (C) 
fibre material with (B) unsaturated polyester resin and/or 
vinylester resin containing (A) a photopolymerisation initiator, 
~fTP IT7H mouldin g and exposi ng to radiation containing visible 
lights or ffBTTl ray range to HfE (A) has photosensitivity to 
visible light range and near IR ray range. 

ADVANTAGE - The method is not required heating and cures the 
resin by only photo-irradiation for a short time. The method only 
slightly vaporises reactive monomers. 

CHOSEN- Dwg.O/0 
DRAWING: 

TITLE- FILAMENT WIND MOULD METHOD COMPRISE 

TERMS: IMPREGNATE FIBRE MATERIAL UNSATURATED 

POLYESTER RESIN VINYL ESTER RESIN CONTAIN 
PHOTOPOLYMERISE INITIATE WIND MOULD 
EXPOSE RADIATE CONTAIN VISIBLE LIGHT 
INFRARED RAY RANGE 
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CHEMICAL- Chemical Indexing M3 *01* Fragmentation Code 
CODES: B415 B515 B701 B720 B743 B792 B799 B815 B831 
G010 G014 G017 G019 G020 G021 G029 G040 G100 
G111 G112 G221 G299 H542 H543 J5 J581 J582 
M121 M122 M124 M129 M136 M139 M144 M210 
M211 M212 M213 M214 M215 M216 M220 M221 
M222 M223 M224 M225 M226 M231 M232 M233 
M240 M250 M262 M272 M280 M281 M282 M283 
M320 M411 M510 M520 M530 M531 M532 M533 
M540 M620 M781 M782 M903 M904 Q132 R042 
Markush Compounds 199837-BKO01-K 199837- 
BKO01-M 199837-BKO01-U 

Chemical Indexing M3 *02* Fragmentation Code 
C053 C200 G010 G019 G100 KO L7 L730 L760 M1 
M121 M144 M280 M320 M414 M510 M520 M532 
M540 M640 M650 M781 M782 M903 M904 Q132 
R042 Markush Compounds 199837-BKO02-K 
199837-BKO02-M 199837-BKO02-U 

Chemical Indexing M3 *03* Fragmentation Code 
F011 F012 F014 F015 F019 F521 F599 G010 G011 
G019 G020 G021 G029 G040 G100 G111 G112 G113 
G221 G299 H2 H211 H602 H608 H641 H642 KO K6 
K640 M1 M113 M115 M119 M280 M320 M413 M510 
M522 M533 M540 M781 M782 M903 M904 Q132 
R042 Markush Compounds 199837-BKO03-K 
199837-BKO03-M 199837-BKO03-U 

Chemical Indexing M3 *04* Fragmentation Code 
G031 G033 G038 G060 G623 J5 J562 KO L9 L951 
M210 M211 M240 M283 M320 M415 M510 M520 
M530 M541 M781 M782 M903 M904 Q132 R042 
Specfic Compounds 03348K 03348M 03348U 
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Chemical Indexing M3 *05* Fragmentation Code 
G010 G100 H4 H401 H481 H8 J5 J581 M280 M313 
M321 M331 M340 M342 M349 M381 M391 M414 
M510 M520 M531 M540 M781 M782 M903 M904 
Q132 R042 Specfic Compounds 08660K 08660M 
08660U 
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Polymer Index [1.5] 018 ; D01 D11 D10 D19 D18 
D31 D76 D50 D90 F27 F26 F23 ; A999 A179 A157 
; A999 A771 ; K9870 K9847 K9790 ; K9836 
K9790 

Polymer Index [1.6] 018 ; D01 D11 D10 D19 D18 
D32 D76 D50 D63 D95 F34 P* 5A O* 6A ; A999 
A179 A157 ; A999 A771 ; K9870 K9847 K9790 ; 
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FULL CONTENTS 
[Claim(s)] 

[Claim 1] [ the unsaturated polyester resin and/or vinyl ester resin (B) containing the 
photopolymerization initiator (A) which has photosensitivity to a v isible light field ianty a near- 
i nfrared light fie ld ] The fi lament-winding-moulding met hod which textile materials (C) are 
infiltrated, performs the optical exposure including visible light and a near-infrared light field 
after winding shaping, and is characterized by making it harden. 

[Claim 2] The filament-winding-moulding method according to claim 1 tha t textile materia ls (C) 
are textile materials containing at least one in glass fiber, carbon fiber, and an aramid fiber. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the filament-winding-moulding method which 
can be hardened by optical exposure for a short time. Furthermore, it is textile mate rials in 
detail. Carbon fiber lacking in the thick material constituent and light transmittance state which 
use glass fiber, The raw material constituent which uses an aramid fiber etc. does not have the 
necessity of heating, either, and is hardened only by the optical exposure of s hort-time visi ble 
li ght and near-infrared l ight. It is few in the amount of volatilization of a reactive monomer, and 
is related with the filament WAIDINGU shaping method whi ch does not need the postcure b y 
heati ng_ which can be h ardened by the optical exposure containing safe visible light and near- 
infrared light. _ • 
[0002] 

[Description of the Prior Art] After carrying out the winding of the textile materials into which the 
thermosetting resin was generally infiltrated to a mandrel, shaping of the fiber reinforced 
plastics by a filament-winding-moulding method carries out heating hardening of this Plastic 
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solid, and is made. In the inside of the thermosetting resin used for filament winding moulding 
Although there is resin which has polymerization nature unsaturation machines, such as a 
unsaturated polyester resin and a vinyl ester resin Usually, the radical polymerization which 
used the peroxide catalyzer system is performed, hardening of these resin is stiffened from 
ordinary temperature to the grade which is a room temperature using the catalyst for moderate 
temperature hardening, postcure by heating is performed or the back is performing heating 
hardening using the catalyst for elevated-temperature hardening. However, by this method, 
hardening takes a long time, large-scale heating apparatus is required and many mandrels and 
equipment are further needed for improvement in moldability. Moreover, when advancing 
grade hardening which is room temperature setting, it is, [ troubles, such as hardening before 
an activity and unnecessary extension of hardening time, occur, or ] in order to have to adjust 
working life of raw resin Moreover, since the reactive monomers (styrene monomer etc.) which 
have volatility at the time of shaping volatilize when you need heating hardening, it is easy to 
cause the environmental pollution of a work site. Or a monomer volatilizes by termination of a 
polymerization also within heating apparatus, and there are problems, such as causing danger 
by change of the rate of a compounding ratio of a resin composition object, such as lowering of 
the engine performance, loss of the amount of resin, and ignition. 

[0003] There are some proposals as a means to solve these defects. At JP,H4-224929,A, it is 
first because of a molding cycle rise, Although the method of putting in quicklime and water 
inside a mandrel and promoting hardening of resin with the chemical reaction heat is proposed 
In order to use a chemical reaction, the trouble of being difficult also has temperature control, 
and the process of postcure may be eventually required and it has not resulted in the 
fundamental settlement. Moreover, to the problem of volatilization of a reactive monomer, 
there is a proposal of the method of adding additives, such as a wax or a denaturation wax, in 
a thermosetting resin. According to this method, the problem of volatilization of a reactive 
monomer can be eased or conquered, but the trouble by the float nonuniformity of a wax etc. 
and the problem of a secondary adhesive property are unsolvable. 
[0004] In order to solve the trouble of prevention of volatilization of a reactive monomer, 
utilization of the photo-curing which turns into is cured fast also in ordinary temperature is 
expectable. As the example of the photo-curing of FRP of a unsaturated polyester resin or a 
vinyl ester resin, There are JP,S60-8047,B, JP, 6-29881 8,A, etc. and the example which makes 
an initiator harden an unsaturated polyester resin composition to 12.7mm with a high pressure 
mercury vapor lamp is shown in acyl phosphoretted hydrogen oxide or bis-acyl phosphoretted 
hydrogen oxide. However, since the ultraviolet radiation whose permeability it is harmful to a 
human body here, and is low is used, the example in the case of mold goods becoming still 
thicker, using the fiber reinforcement which light cannot penetrate easily, or containing fillers, 
such as a pigment, to resin is not shown. Moreover, in this although [ light (350-500nm or 300- 
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450nm) ] it is effective and a high pressure mercury vapor lamp and Nikko are effective as a 
light source, there is no example which used the effective long wavelength of 500nm or more 
by the thick material etc. As an example which made photo-curing filament winding moulding 
with application Y. OKAMOTO, Society of Manufacturing Engineers, TECHNICAL Although 
there are PAPER, EM 94-111 (1994), JP,5-208451,A, JP.5-269869.A, JP.5-24042.A, JP,6- 
190933.A, JP.6-34450.A, etc., All are using ultraviolet radiation and the complete cure only in 
an exposure is not obtained. Furthermore, naturally a problem remains in shaping of the 
constituent and thick material containing a filler. Therefore, it is by shaping using such photo- 
curing, [ in order that all may use the about 500nm light of low wavelength from ultraviolet 
radiation, use the fiber reinforcement which light cannot penetrate easily, or ] When it 
contained fillers, such as a pigment, to resin, or when mold goods became thick and light was 
absorbed by fiber reinforcement and the filler, there was a defect which cannot fully be 
stiffened to a core. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention can be carried out by hardening in 
view of such the actual condition for a short time only by the optical exposure using a beam of 
light safe for a human body. Do not need incidental facilities, such as heating apparatus, but 
volatilization of the reactive monomer which gets worse a work environment is suppressed as 
much as possible. And a steep molding cycle rise can be aimed at, the problem of the working 
life (pot life) of a raw material thermosetting resin can also be solved simultaneously, and it 
aims at offering the filament-winding-moulding method in which pr ompt hardening is p ossible 
also in the constituent which contains various fiber and a filler further. 
[0006] ~ — ■ 

[Means for Solving the Problem] This invention (1) [ the unsaturated polyester resin and/or 
vjnyle ster resin (B) containing the photopolyme rization initiator (A) which has photosensitivity 
to a visible light field and a near-infrared light field ] Infiltrate textile materials (C) and the 
optical exposure including visible light and a near-infrared light field is performed after winding 
shaping. The fila ment-wi nding-mouldin g method to stiffen and ( 2) The above-mentioned object 
was attained by developing the filament-winding-moulding method given in (1) that textile 
materials (C) are textile materials containing at least one in glass fiber, carbon fiber, and an 
aramid fiber. 
[0007] 

[Embodiment of the Invention] As a thermosetting resin used by this invention, one of them is 
used at least among a unsaturated polyester resin and a vinyl ester resin (both resin may be 
hereafter called resin etc. collectively). As unsaturated polyester of a unsaturated polyester 
resin It is manufactured by a well-known method and is specifically easy. Phthalic anhydride, 
Isophthalic acid, terephthalic acid, a tetrahydrophtal acid, adipic acid, The saturation polybasic 
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acid which does not have polymerization nature unsaturated bonds, such as sebacic acid, or 
its anhydride and fumaric acid, Polymerization nature unsaturation polybasic acid, such as 
maleic anhydride, maleic acid, and itaconic acid, or the anhydride of those is used as an acid 
component. This, ethylene glycol, propylene glycol, diethylene glycol, Dipropylene glycol, 1, 2- 
butanediol, 1, 3-butanediol, 1,5-pentanediol, 1, 6-hexandiol, the 2-methyl 1, 3-propanediol, 
Polyhydric alcohols, such as the 2 and 2-dimethyl 1, 3-propanediol, cyclohexane 1, 4- 
dimethanol, an ethyleneoxide addition product of bisphenol A, and a propylene oxide addition 
product of bisphenol A, are made to react as an alcoholic component, and it is manufactured. 
[0008] moreover, as vinyl ester of a vinyl ester resin (epoxy acrylate system resin) It is 
manufactured by a well-known method and to an epoxy resin Unsaturated monobasic acid, For 
example, it is epoxy (meta) acrylate obtained by making acrylic acid or methacrylic acid react, 
and bisphenol A diglycidyl ether and its amount homolog of Polymer Division, novolak type 
Pori glycidylethers, etc. are mentioned as an epoxy resin as a raw material in this case. 
[ moreover, saturated polyester or unsaturated polyester of a terminal carboxyl group obtained 
from saturation dicarboxylic acid and/or unsaturation dicarboxylic acid, and a polyhydric 
alcohol ] It is polyester (meta) acrylate of saturated polyester or unsaturated polyester obtained 
by making alpha and beta-unsatu rated carboxylic acid ester which has an epoxy group react. 
[0009] As saturation dicarboxylic acid used for end carboxyl polyester, the dicarboxylic acid 
which does not have an activity unsaturation machine, for example, phthalic acid, isophthalic 
acid, terephthalic acid, a tetrahydrophtal acid, adipic acid, sebacic acid, etc. are mentioned. As 
unsaturation dicarboxylic acid, the dicarboxylic acid which has an activity unsaturation 
machine, for example, fumaric acid, maleic acid, maleic anhydride, itaconic acid, etc. are 
mentioned. As a polyhydric alcohol component, for example Ethylene glycol, propylene glycol, 
Diethylene glycol, dipropylene glycol, 1, 2-butanediol, 1, 3-butanediol, 1,5-pentanediol, 1, 6- 
hexandiol, Polyhydric alcohols, such as the 2-methyl 1, 3-propanediol, 2, and 2-dimethyl 1, 3- 
propanediol, cyclohexane 1 , 4-dimethanol, an ethyleneoxide addition product of bisphenol A, 
and **** with propylene oxide of bisphenol A, etc. are mentioned. As alpha which has the 
epoxy group used for manufacture of polyester (meta) acrylate, and beta-unsaturated 
carboxylic acid ester, glycidyl methacrylate is mentioned as an example of representation. 
[0010] The comparatively high thing of a degree of unsaturation of unsaturated polyester or 
vinyl ester used for resin etc. is desirable, and that whose unsaturation machine equivalent 
(unsaturation machine molecular weight per piece) is 100 to about 800 is used for it. A with an 
unsaturation machine equivalent of less than 100 thing is uncompoundable. However, if an 
unsaturation machine equivalent exceeds 800, the hardened material of higher hardness will 
not be obtained. 

[0011] The unsaturated polyester resin or vinyl ester resin used in this invention usually blends 
reactive monomers, such as a styrene monomer, with aforementioned unsaturated polyester 
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or vinyl ester. When the reactive monomer bl ended w ith resin of this invention etc. 
manuf actures a composite materia l, in order that it may raise kneading nature with textile 
materials, a pigme nt, a fi ller, etc., and impregn ating ability and may raise the hardness of 
sha ping prody ctej iardness, chemical resistance, a water resisting property, e tc. by lowering 
t he viscosity of resin T it is important, receiving an unsaturated polyester and/or vinyl ester 100 
weight part as loadings of a reactive monomer - a 10 - 250 weight part -- 20-100 weight part 
combination is carried out preferably. Under in 10 weight parts, since resin etc. is 
hyperviscosity, it becomes difficult to fabricate loadings, in the amount exceeding 250 weight 
parts on the other hand, the product of higher hardness is not o btained, but heat-resistin g 
properties run short, and it is not desirable as an FRP material. In this case, it is also possible 
to substitute for other polymerization nature monomers, such as KURORU styrene, methyl 
methacrylate, and ethylene glycol dimethacrylate, in the range which does not spoil the main 
point of this invention, and to use a part or all of a styrene monomer. 
[0012] The roving fiber reinforcement used by this inventiorrafe orgariidty and/or inorganic 
fiber, for example, well-known things, such as glass fiber, carbon fiber, an aramid fiber, a 
polyethylene terephthalate fiber, and Vinylon fiber, are used, of course - you may use it 
combining these fiber - the amount used - general - 10- of mold goods - 80 volume % is 40- 
70 volume % preferably. If it becomes difficult to obtain the mold goods which sank in resin 
uniformly when roving fiber reinforcement exceeded 80 volume % and is less than 10 volume 
%, the mechanical hardness of mold goods will fall. 

[0013] receiving 100 weight parts, such as resin, if an organic pigment and an inorganic 
pigment can be mentioned, for example and the amount used takes polymerization curing 
nature into consideration although not restricted especially as a pigment used if needed by this 
invention - 0 - 20 weight part - it is 0 - 10 weight part preferably. 

[0014] As a photopolymerization initiator (A) used for this invention, what has photosensitivity 
is used for the thing which has photosensitivity to a visible light field, and a near-infrared light 
field. The combination system which visible light tends to penetrate can also be cured fast by 
concomitant use of visible photo-curing and near-infrared hardening, when thickness becomes 
thick and combines a near-infrared polymerization initiator by the combination system which 
visible light cannot penetrate easily in addition to a visible photopolymerization initiator. 
[0015] As a photopolymerization initiator which has photosensitivity to the near-infrared light 
field used for this invention Although not restricted in particular, JP,H3-111402,A, JP,H3- 
179003, A, The combination of the cation color and boron system compound which are 
indicated in detail etc. is mentioned to JP,H4-146905,A, JP,H4-261405,A, JP,H4-261406,A, 
JP,H5-194619,A, etc. 

[0016] As a photopolymerization initiator which has photosensitivity to a near-infrared light 
field, it is a general formula (1), for example. 
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D+-A- ... (1) 

(-- among a formula, D+ is the methine which has photosensitivity to a near-infrared light field, 
Pori methine, cyanine, xanthene, OKISAJIN, thia gin, aryl methane, and a pyrylium system 
pigment cation, and shows A-various anions.) - the cation color which has absorption in the 
near-infrared light field expressed, and general formula (2) 
[Formula 1] 



([ Z+ / a near-infrared light field / the arbitrary cations which do not have photosensitivity / show 
and ] among a formula) R1, R2, and R3 And R4 Independently, respectively Alkyl group, An 
aryl group, an aralkyl machine, an ARUKENIRU machine, an alkynyl group, a silyl machine, A 
heterocyclic machine, a halogen atom, a displacement alkyl group, a displacement aryl group, 
a displacement aralkyl machine, a displacement ARUKENIRU machine, a displacement 
alkynyl group, and a displacement silyl machine are shown. The photopolymerization initiator 
which combined the boron system compound expressed is desirable. The example of a cation 
color "D+" is shown in Table 1 . 
[0017] 
[Table 1] 

[0018] The 4th class ammonium cation which does not have photosensitivity to visible light and 
a near-infrared light field as an example of a cation "Z+", The 4th class pyridinium cation, a 
quinolinium cation, a diazonium cation, A tetra-ZORIUMU cation, a phosphonium cation, a 
sulfonium (oxo-) cation, Cations of metal, such as sodium, potassium, lithium, magnesium, and 
calcium, The compound which has a cation charge on oxygen atoms, such as hula BIRIUMU 
and a PIRANIUMU salt, (organicity), The cation of metallic compounds, such as halogen 
cations, such as carbonium ions, such as TOROPINIUMU and cyclo pro PIRIUMU, and 
iodonium, arsenic, Cobalt, palladium, chromium, titanium, tin, and antimony, etc. is mentioned. 
In order to decolorize the color of a cation color, even if it combines and uses this boron 
compound and its anion is the same, a cation needs to use different things from (D+). 
[0019] A which is the counter anion of a cation color expressed with a general formula (1) - 
Although it is ions with arbitrary p-toluene SURUHONETOION, organic carboxylate ion, 
perchlorate ion, halide ion, etc., it is a general formula (3). 
[Formula 2] 





(3) 
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the inside of a formula, R5, R6, R7, and R8 respectively - independently - an alkyl group - 
An aryl group, an aralkyl machine, an ARUKENIRU machine, an alkynyl group, a silyl machine, 
a heterocyclic machine, a halogen atom, a displacement alkyl group, a displacement aryl 
group, a displacement aralkyl machine, a displacement ARUKENIRU machine, a displacement 
alkynyl group, or a displacement silyl machine is shown. Especially 4 coordination boron anion 
expressed is desirable. 

[0020] The cation color of the above-mentioned general formula (1), and A in a general formula 
(1) - A decomposition reaction occurs by near-infrared light by using together the boron system 
compound shown by a general formula (2). While the color of a cation color decolorizes, a 
polymerization can be started, and with the light of the conventional ultraviolet region, 
hardening can carry out now photo-curing also of the composites into which it went, such as 
difficult comparatively thick mold goods or textile materials, and a filler, early more for the high 
light transmittance state of near-infrared light with comparatively long wavelength. Although the 
color of the cation color used as a photopolymerization initiator is achromatized by the 
decolorization reaction, since a decolorization reaction is an irreversible reaction, the color of a 
cation color does not spoil the hue of a hardened material. 

[0021] Although the ratio of the boron system compound shown by the cation color shown by a 
general formula (1) and a general formula (2) is arbitrary, the range of 10 / 1 - 1/50 (bulk 
density) is desirable. In addition, in order to make a hardening reaction and the decolorization 
reaction of a pigment perform efficiently, it is desirable to use a little many boron system 
compounds, and especially the range of 1 / 1 - 1/50 (bulk density) is desirable. In the range 
which the decolorization reaction of a cation color is not thoroughly performed by less than 1/1 , 
but the ratio of the cation color of a general formula (1) to the boron system compound of a 
general formula (2) may spoil the hue of a hardened material, and exceeds 1/50 on the other 
hand, a boron system compound **** and sufficient polymerization reaction is not performed. 
[0022] As a visible photopolymerization initiator which has photosensitivity to a visible light field 
For example, the well-known photoinitiator which has photosensitivity from ultraviolet radiation 
to a visible light field can be used. For example, 2-hydroxy 2-methyl 1 -phenyl propane 1 ON 
(trade name Darocur 1173, Ciba-Geigy make), Mixed screw (2, 6-dimethoxybenzoyl)-2, 4, and 
4-TORIMECHIRU pentyl phosphine oxide (made by Ciba-Geigy) at 75/25 (bulk density) of a 
rate, trade name IRUGA cure 1700 (made by Ciba-Geigy), 2, 4, and 6-TORIMECHIRU benzoyl 
diphenylphosphine oxide (trade name Lucirin TPO -) The BASF make, Darocur1173, and 
Lucirin The acyl phosphine oxide system compound which is represented in TPO by the trade 
name Darocur4265 mixed at 50/50 (bulk density) of a rate and which is marketed can be 
mentioned. Yamaoka et al., the "surface", 27 (7), 548 (1989), Sato et al. [ moreover, ], "The 
collection of the 3rd polymeric material forum summaries", N camphor quinone given in IBP18 
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(1994), Benzyl, methylbenzoyl diphenyphosphine oxide, Others [ initiator / independent /, such 
as a methyl thioxan ton and bis-PENTA diphenyl CHITANIUMUJI (pentafluorophenyl), / visible 
photopolymerization ], Organic peroxide / pigment system, a diphenyliodonium salt / pigment, 
biimidazole / keto compound, A hexa aryl BIMIDAZORU compound / hydrogen-donating- 
property compound, mercaptobenzothiazole / thio pyrylium salt, Well-known compound initiator 
systems, such as hexaaryl biimidazole/radical generator of a description, can be mentioned to 
JP,S45-37377,B besides metal Arlen / cyanine dye. As a visible photopolymerization initiator, 
you may use it for a 380-780nm wavelength band combining them that what is necessary is 
just the photopolymerization initiator system which has photosensitivity. 
[0023] Also in the photo^olyj Tierization initiator which has photosensitivity, the combina tion of a 
visible light absorption cation color and a boron system compound can also be used for a 
visible light field as a photopolymerization initiator like the combination of the above-mentioned 
near-infrared photopolymerization initiator. As an example of the visible light absorption catio n 
color used in that case, the configuration of the effective component as a cation portion of a 
cation color can be mentioned to Table 2. In addition, you may be ions with arbitrary p-toluene 
SURUHONETOION, organic carboxylate ion, perchlorate ion, halide ion, etc. as well as the 
photopolymerization initiator with which an anion ha sjphotosensitivity to a near-infrared ligh t 
field in this case. It is the compound of 4 coordination boron anion preferably shown by a 
general formula (2). 
[0024] 
[Table 2] 
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[0025] [ the amount ] although the amount of the photopolymerization initiator used which 
combined the near-infrared photopolymerization initiator and the visible photopolymerization 
initiator differs in an optimum value with the class of resin etc., the class of consolidation fiber, 
an amount, a pigment or the class of filler, loadings, the thickness of mold goods, etc. receiving 
100 polymerization parts, such as resin, generally - 0.01 - 20 weight part - it is 0.05 - 15 
weight part preferably. In the top where the amount of the photopolymerization initiator 
constituent used is economically disadvantageous in the amount which a polymerization 
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becomes inadequate easily and exceeds 20 polymerization parts under by 0.01 weight part, 
physical-properties lowering of a hardened material etc. takes place. 
[0026] the composition ratio of the near-infrared photopolymerization initiator in a 
photopolymerization initiator, and a visible photopolymerization initiator - a bulk density - 0.1 / 
5-5 / 0.1 it is 0.5 / 5 - 5/0.5 preferably. Hardening of the constituent which visible light cannot 
penetrate easily is easy to become inadequate, when the penetrable outstanding. near-infrared 
light field has too few ratios of the near-infrared photopolymerization initiator which has 
photosensitivity than this range, and when there are too few ratios of a visible photo-curing 
agent than this range, hardening takes time. When a near-infrared photopolymerization initiator 
and a visible photopolymerization initiator have too more those ratios than this range, in an 
economically disadvantageous top, physical-properties lowering of a hardened material etc. 
takes place. 

[0027] When using the boron system compound of the cation color of a general formula (1), 
and a general formula (2) which is the example as a near-infrared photopolymerization initiator, 
the composition ratio is arbitrary, but the range of 10 / 1 - 1/50 is desirable at a bulk density. In 
order to make a hardening reaction and the decolorization reaction of a pigment perform 
efficiently, it is desirable to use a little many boron system compounds, and especially the 
range of 1 / 1 - 1/50 is desirable. The ratio of the cation color of a general formula (1) to the 
boron system compound of a general formula (2) is 1/1. In the following, the decolorization 
reaction of a cation color is not performed thoroughly, in the range which may spoil the hue of 
a hardened material and exceeds 1/50 on the other hand, a boron system compound **** and 
sufficient polymerization reaction is not performed. 

[0028] In this invention, the beam of light of a 780-1 200nm wavelength zone is indicated to be 
near-infraredj ight, and the beam o f lightoT a 380-780nm wavelength zone is indicated to be 
visible light. A halide lamp, a xenon lamp , a near-infrared light lamp, a sodium lamp, a halogen 
lamp, an incandescent lamp, a positive glow lamp, sunlight, etc. can be used that what is 
necessary is just the light source which gives off the light of a 380-1 200nm wavelength zone 
as a light source used for the shaping method of this invention. Furthermore, it can aj so be 
us ed combining thes e v arious Igrpp s Moreover, [ in order to obtain a earlier cure rate, the light 
of the field of the high short wavelength of energy ranking is effective, . but ] When fiber 
reinforcement which cannot penetrate light of a short wavelength field easily, such as carbon 
fiber and an aramid fiber, a pigment, a filler, etc. are used when the thickness of a resin 
composition object is thick or, it is hard to carry out complete cure of the rear face. In this case, 
the exposure of light with much distribution to a long wavelength field on the wavelength of 
380nm or more is effective, and the activity of a halogen lamp, a near-infrared light lamp, an 
infrared lamp, etc. is desirable. 

[0029] What is necessary is to be generally unable to specify, since it changes as irradiation 
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time with the output of light sources, such as effective wavelength of a light source, and a 
lamp, an irradiation range, the thickness of a constituent, and amounts of packing, but just to 
make it it have been 0.05 hours or more preferably for 0.01 hours or more. 
[0030] In the filament-winding-moulding method of this invention By using the 
photopolymerization nature catalyst which has photosensitivity for visible light and/or near- 
infrared light, and irradiating the visible light which contains visible light and/or near-infrared 
light after termination of a winding, incidental facilities, such as heating apparatus, are not 
needed but it can harden in a short time. A steep shaping SAIKU rise can be carried out and it 
excels in profitability. Since hardening does not advance unless an optical exposure in 
particular is carried out, if it shades, it will be working life's long resin composition object, and 
the operation stabilized by separating a winding and a hardening process is attained. 
Moreover, it is possible to harden also in the constituent which could solve aggravation of the 
work environment accompanying volatilization of a reactive monomer, and was filled up with 
various fiber, and since a Plastic solid can be hardened even if it does not use the light source 
which has danger in human bodies, such as ultraviolet radiation, further, it is the shaping 
method that safety is also high. — — 

[0031] 

[Example] According to the example and comparative example which are shown below, 
although the content of this invention is explained in detail, a weight basis is shown the "part" 
in each example and a comparative example, and"%." 

(Example 1) vinyl ester resin [tra de name RIPOKISHI R-802:Showa High Polymer Co., Ltd. 
make]: 100 copy - 1, 1,5, 5-tetrakis (p-diphenyl aminophenyl)-2, and 4 - below : IRB by - 
pentadienyl triphenyl n-butyl borate [Showa Denko K.K. omits. : N ear-infrared light absorptio n 
cation color]:0.1 copy and below : by tetra-n-buthylammonium-triphenyl-n-buthyl-borate 
[Showa Denko K.K. abbreviate to P3B. Boron Compound]: Photopolymerization initiator] which 
has photosensitivity to the near-infrared light field which 0.5 copy [IRB/P 3B combined, acyl 
phosphine oxide system photopolymerization initiator [trade name which has photosensitivity 
from ultraviolet radiation to a visible light field The product made from RUSHIRIN TPO:BASF 
and Following TPO are called. ]: I nfiltrate into glass ro ving [4026TX:Nit tobo Co., Ltd. ma ke] 
what mixed the 2.0 copy, and become glass-roving content 50vol%. Th e winding was 
p erformed so that fiber mig ht se rve as one way by mandrel rotating-speed 24 revol ution per 
minute, until thickness fully became a plate-like mandrel with 20mm except for excess resin 
about the glass roving into which resin sank after that. 2kW halide-lamp [trade-name DINA 
beam 2:Toshiba Lighting & Technology [ Corp. ] make which is the light source including a 
380-1 200nm wavelength zone after termination of a winding while rotating a mandrel by 
rotating-speed 24 revolution per minute: Call a lamp 1 below. When the optical exposure was 
carried out in the distance of 1m using], it hardened in 60 minutes. The highest temperature on 
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the back became 42 degrees C. JIS When Barcol hardness by K-6911 was measured with 
934-1 type and flexural strength was also measured, Barcol hardness and flexural strength are 
in a practical use level, and there was no difference of a rear surface. The result is shown in 
Table 3. 

[0032] (Comparative example 1) Although the completely same operation as an example 1 
was performed except using what mixed the TPO:2.0 copy for a vinyl ester resin and trade 
name RIPOKISHI R-802 [Showa High Polymer Co., Ltd. make]:100 copy, even if it carried out 
the optical exposure for 120 minutes, hardening on the back was not completed. The highest 
temperature on the back became 55 degrees C. 

[0033] (Example 2) It is from IRB:0.1 copy, P3B:0.5 copy, and ultraviolet radiation to a visible 
light field to unsaturated polyester resin [trade name G-200:Showa High Polymer Co., Ltd. 
make]: 100 copy. The acyl phosphine-oxide system photopolymerization initiator [trade-name 
IRUGA cure 1700 which has photosensitivity: Call the Ciba-Geigy make and the following I- 
1700. mixing]:2.0 copy - further - gray pigment [- trade name RIGORAKKU collar RC843 
gray (the Showa High Polymer Co., Ltd. make - [ what mixed the]:0.5 copy ]) Until thickness 
becomes a plate-like mandrel with 10mm about the glass roving into which it was made to sink 
into glass roving [4026TX:Nittobo Co., Ltd. make], and the resin which glass-roving content 
fully made about 50 vol(s)% except for excess resin after that sank The winding was 
performed so that fiber might serve as one way by mandrel rotating-speed 24 revolution per 
minute. After termination of wine DEIINGU, rotating a mandrel by rotating-speed 24 revolution 
per minute, when the optical exposure was carried out using the lamp 1, it hardened in 40 
minutes. The highest temperature on the back became 39 degrees C. JIS When Barcol 
hardness by K-6911 was measured with 934-1 type and flexural strength was also measured, 
Barcol hardness and flexural strength are in a practical use level, and there was no difference 
wrong side out. The result is shown in Table 3. 

[0034] (Comparative example 2) Although the completely same operation as an example 2 
was performed except having used what mixed 1-1700:2.0 copies for the unsaturated polyester 
resin [trade name G-200:Showa High Polymer Co., Ltd. make]:100 copy, even if this 
constituent carried out the optical exposure for 80 minutes, hardening to a rear face of it was 
not completed. The highest temperature on the back became 43 degrees C. 
[0035] 
[Table 3] 
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[0036] To vinyl ester resin [trade name RIPOKISHI H-630:Showa High Polymer Co., Ltd. 
make]: 100 copy, IRB:0.1 copy, (Example 3) what mixed P3B:0.5 copy and 1-1700:1.0 copies -- 
carbon roving [trade name [ ] - a trading card -- [ it is made to ** to] by T300B:6000-50B:Toray 
Industries, Inc., and ] As carbon roving content fully becomes 50vol% except for excess resin 
after that, until thickness becomes a plate-like mandrel with 2mm about the glass roving into 
which resin sank The winding was performed so that fiber might serve as one way by mandrel 
rotating-speed 24 revolution per minute. After termination of a winding, rotating a mandrel by 
rotating-speed 24 revolution per minute, when the optical exposure was carried out in the 
distance of 1m using the lamp 1, it hardened in 40 minutes. The highest temperature on the 
back became 40 degrees C. JIS When Barcol hardness by K-691 1 was measured with 934-1 
type, the difference of the rear surface did not have Barcol hardness and it was a practical use 
level. The result is shown in Table 4. 
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[0037] (Comparative example 3) Although the completely same operation as an example 3 
was performed except having used only the lamp 1 for using what mixed 1-1700:1.0 copies for 
vinyl ester resin [trade name RIPOKISHI H-630:Showa High Polymer Co., Ltd. make]: 100 
copy, and an optical exposure, even if it carries out an optical exposure for 80 minutes 
Hardening on the back was not completed. The highest temperature on the back became 43 
degrees C. ~~ ' ~ 

[0038] (Example 4) [ vinyl ester resin [trade name RIPOKISHI R-808:Showa High Polymer Co., 
Ltd. make]:100 copy ] Photopolymerization Initiator IRB: 0.1 copy, P3B : [ what mixed 0.5 copy 
and 1-1700:1.0 copies ] It is made to sink into aramid roving [trade name TEKUNORA T- 
240:Teijin, Ltd. make]. Until thickness becomes a plate-like mandrel with 3mm by mandrel 
rotating-speed 24 revolution per minute about aramid roving into which the resin with which it 
was made for aramid roving content to fully become 50vol% except for excess resin after that 
sank The winding was performed so that fiber might serve as one way. After termination of a 
winding, rotating a mandrel by rotating-speed 24 revolution per minute, when the optical 
exposure was carried out in the distance of 1m using the lamp 1, it hardened in 30 minutes. 
The highest temperature on the back became 41 degrees C. JIS When Barcol hardness by K- 
6911 was measured with 934-1 type, the difference of a rear surface does not have Barcol 
hardness and it suited the practical use level. The result is shown in Table 4. 
[0039] (Comparative example 4) Although the completely same operation as an example 4 
was performed except having used only the lamp 1 for using what mixed 1-1700:1.0 copies for 
vinyl ester resin [trade name RIPOKISHI R-808:Showa High Polymer Co., Ltd. make]:100 
copy, and an optical exposure, even if it carries out an optical exposure for 80 minutes 
Hardening to a rear face was not completed. The highest temperature on the back became 45 
degrees C. 
[0040] 
[Table 4] 
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[0041] 

[Effect of the Invention] This invention infiltrates the unsaturated polyester resin and/or vinyl 
ester resin (B) containing a photopolymerization initiator (A) into textile materials (C), performs 
the optical exposure including visible light and a near-infrared light field after winding shaping, 
and is the filament-winding-moulding method to stiffen. In spite of being able to use a light 
source with the high degrees of safe, such as a halide lamp which can be obtained easily, a 
halogen lamp, and sunlight, without using the ultraviolet radiation which has an adverse effect 
in a human body as a light source and being able to harden promptly enough with this light, if it 
shades, it will be working life's stable long resin composition object, moreover, the thing for 
which the visible light and near-infrared light which are farther [ than ultraviolet radiation ] 
excellent in permeability are irradiated when the unsaturated polyester resin or vinyl ester resin 
constituent with which it was alike, and with which textile materials, the pigment, the filler, etc. 
were blended is used, or even if it is the Plastic solid of a thick material It can harden in 
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ordinary temperature, and a peroxide system polymerization initiator can be used, and the 
hard Plastic solid more than equivalent can be acquired as compared with the time of carrying 
out heating hardening. In addition, even if it carries out a winding immediately after sinking in, 
back sinking in advances at time until it irradiates the inside of a winding, and light, and it 
becomes the ingredient which fully sank in, and a hardening reaction is fully performed. 
Furthermore, it is since vaporization of the reactive monomer in a unsaturated polyester resin 
or a vinyl ester resin can be low suppressed since it can harden in ordinary temperature. 
Aggravation of a work environment being prevented and productivity are high, and it is the 
outstanding shaping method which can hold down total cost low from the place where there is 
also little consumption of energy at and it ends. 
[Table 1] 
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[Table 1] 
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[Translation done.] 
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